The present study aimed to characterize a lactic acid bacterium Pediococcus pentosaceus 4I1, isolated from the intestine of fresh water fish sample Zacco koreanus. Biochemical analysis using the API 50 CHL kit and molecular characterization of 4I1 revealed its identity as a lactic acid bacterium Pediococcus pentosaceus 4I1. Further, cell free supernatant OD), and increase in relative electrical conductivity (9.9 and 9.7%) against the tested bacteria S. aureus KCTC-1621 and E. coli O157:H7, respectively. The above findings hypothesize that P. pentosaceus 4I1 compromised its mode of action on membrane integrity, suggesting its enormous potential in food and pharma industries.
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For the isolation of LAB from fresh water fish samples, a previously developed standard 119 serial dilution method was adopted (Cho et al., 2013) . In brief, scarification of the experimental 120 fish was done in a sterilized clean bench using sterilized knife and forces using 70% ethanol. To 121 isolate LAB, dissected fish tissues of intestine were used since these are known as major reservoirs 122 of microbial community in fish, and homogenized followed by serial dilution in phosphate buffer 123 saline (PBS) using BCP agar medium. Samples were put in 1 mL of PBS and vortexed vigorously 124 in order to make a uniform inoculum size followed by its serial dilution to the maximum serial 125 dilution factor from 10 -1 to 10 -9 cells/mL. Finally an inoculum of 100 μL was spread on BCP agar 126 plates, and plates were sealed using paraffin and incubated at 37 o C for 24 h. Selection of the diluent 127 was based on the density of the inoculum. Identification of the isolates was based on the clear zone 128 around the colony on BCP agar plates. Each set was prepared in triplicate and positive results were 129 confirmed. Representative colonies were picked from plates and well-isolated colonies were 130 inoculated into fresh MRS broth for stock preparation. For long term storage, stock cultures were 131 maintained at -20 o C in MRS broth.
132
133 Morphological and biochemical identification of LAB isolate 134 Morphological identification of 4I1 was conducted by observing the colony shape on BCP agar 135 medium, gram-staining, and cell morphology using a microscope (Holt et al., 1994) . Further, the 136 isolate was identified biochemically using API 50 CH strips with API 50 CHL medium at species 137 level based on the instructions of the manufacturer (API 50 CHL, BioMerieux, France). In brief, 138 freshly-grown bacterial colony of the selected LAB isolate was picked-up and inoculated in MRS 139 medium at 36 o C for 24 h, and then the bacterial culture was serially diluted to prepare desired 140 concentration of 10 8 CFU/ml. From this, aliquot (2 mL) was inoculated into APL 50 CHL medium 141 (10 mL), and mixed by gentle inversion. Then, a bacterial suspension (120 μL) was inoculated into 142 API 50 CH strips that were pre-overlaid with mineral oil followed by further incubation for 48 h 143 before measuring the color change abilities. Finally, the strips were processed for analyzing the 144 API profiles using computer APILAB Plus Version.
145
146 Molecular Characterization of LAB Isolate 147 In this study, LAB isolate 4I1 was characterized by partial 16S rRNA gene sequencing analysis.
148 To determine the identity of 4I1, genomic DNA from 4I1 was isolated using TaKaRa MiniBEST 149 universal genomic kit (Seoul, Korea) Universal primers F44 (5'RGTTYGATYMTGGCTCAG-150 3') and R1543 (5'-GNNTACCTTKTTACG ACTT-3') were used for the amplification of the 16S 151 rRNA gene by PCR. PCR reactions were carried out using a Biometra thermal cycler (M Biotech 152 Inc., Canada) with the following cycle parameters: an initial denaturation at 94°C for 2 min, 153 followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 52°C for 30 s, and elongation 154 at 72°C for 1 min. The PCR products of 16S rDNA were sequenced and analyzed. The gene 155 sequences were compared in the National Center for Biotechnology Information (NCBI) for 156 homology using BLAST and multiple-aligned with 16S rRNA gene sequences of different strains 157 for similarity using the ClustalW program coupled with MEGA 5. A neighbor-joining method was 158 employed to construct the phylogenic tree using the MEGA 5 software. 164 Petri-plates were prepared by pouring 20 mL of nutrient agar medium and allowed to solidify. 165 Plates were dried and 1 mL of standardized inoculum containing 10 7 CFU/mL of bacterial 166 suspension was poured and uniformly spread, and the inoculum was allowed to dry for 5 min. The 167 wells were made by using sterilized borer where 100 μL CFS of P. pentosaceus 4I1 was poured 168 into each well against each of the tested pathogen. Negative controls were prepared using the same 169 solvent (sterilized distilled water or MRS medium) employed to dissolve the samples.
170 Antibacterial activity was evaluated by measuring the diameter of the zones of inhibition 171 (including diameter of well: 6 mm) against the tested bacteria. Each assay in this experiment was 172 replicated three times. 175 The MIC of CFS of P. pentosaceus 4I1 was tested by the two-fold serial dilution method (Bajpai 176 et al., 2013) . The freeze-dried CFS of P. pentosaceus 4I1 (4 mg) was first dissolved in 1 mL 177 distilled water as a stock, and incorporated into nutrient broth (NB) medium for bacterial pathogens 178 to obtain an initial concentration of 2,000 µg/mL, and serially diluted to achieve 1,000, 500, 250, 244 All data are expressed as the mean ± SD by measuring three independent replicates. Analysis of 245 variance using one-way ANOVA followed by Duncan's multiple test. (Table 1) . Color 258 change from violet to yellow in the strip capsule indicated complete fermentation of sugar by 4I1. 259 Further, on the basis of molecular analysis using 16S rDNA gene sequencing, the selected strain 260 showed 99.9% similarity with different Pediococcus spp. (Figure 1) , thus, the strain was finally 261 confirmed as Pediococcus pentosaceus 4I1. The sequence was submitted to GenBank with 262 nucleotide accession number KT372700.
174 Determination of minimum inhibitory (MIC) and bactericidal (MBC) concentrations

263
264 Antibacterial activity 265 The antibacterial activity of CFS of P. pentosaceus 4I1 against the tested foodborne pathogenic 317 This assay visualized the effect on membrane permeability of tested bacteria in terms of their 318 relative electrical conductivities when exposed to the CFS of P. pentosaceus 4I1 at MIC. As a 319 result, the CFS of P. pentosaceus 4I1 exhibited time-dependent inhibitory effect on membrane 320 permeability of the tested pathogens, and the relative electrical conductivity of each test pathogen 321 was increased timely. However, the CFS of P. pentosaceus 4I1 exhibited higher inhibitory effect 322 on cell membrane of S. aureus KCTC-1621 ( Figure 7A ) than E. coli O157:H7 ( Figure 7B 
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Maintaining membrane permeable integrity is essential for the overall metabolism of a 395 bacterial cell, hence, changes in the relative electrical conductivity on membrane integrity may 396 severely hamper the cell metabolism, which may eventually lead to cell death (Cox et al., 2001) . 397 Based on the findings of this study, we hypothesized that CFS of P. pentosaceus 4I1 severely 398 hampered the plasma membrane of tested foodborne pathogens which resulted in the instant loss 399 of the cell integrity and became increasingly more permeable to ions and other essential 400 metabolites that might be the reason for the establishment of the antibacterial activity of the CFS 401 of P. pentosaceus 4I1. These findings were in strong agreement of Roth and Keenan (1971) who 402 reported that lactic acid bacteria were able to cause sub-lethal injury to a foodborne pathogen E. 403 coli, and similar properties have also been assigned to acetic acid (Przybylski and Witter, 1979) 404 indirect evidence inferred that such injury involved disruption of the lipopolysaccharide layer. 
